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FIGURE 1A
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FIGURE 1B
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FIGURE 1C
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FIGURE 3A

Tumor Size (mm°)
IN
-

N
O

*

k g

a-lactalbumin (n=6) CFA (n=6)

lmmunagen



Patent Application Publication  Mar. 7, 2024 Sheet 6 of 18 US 2024/0075115 Al

FIGURE 3B
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FIGURE 4A
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FIGURE 4B
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FIGURE 4C

270-

~ g cy-factalbumin (n=8)
—— CFA {n=38)

inoculation

0 8 16 24 32

Day After Tumor Inoculation




Patent Application Publication  Mar. 7, 2024 Sheet 10 of 18  US 2024/0075115 Al

FIGURE 5
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FIGURE 6A
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FIGURE 6B
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FIGURE 6C
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FIGURE 7A
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FIGURE 7B
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FIGURE 7C
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FIGURE 7D
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FIGURE 8
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BREAST CANCER VACCINE

GOVERNMENT RIGHTS

[0001] This invention was made with government support
under grant numbers AI051837, DC006422, and CA14035
awarded by the National Institutes of Health. The govern-
ment has certain rights in the invention.

SEQUENCE LISTING

[0002] The text of the computer readable sequence listing
filed herewith, titled “39540-308 SEQUENCE LISTING”,

created Oct. 11, 2022, having a file size of 1,990 bytes, 1s
hereby 1ncorporated by reference 1n its entirety.

TECHNICAL FIELD

[0003] The present disclosure generally pertains to the
fields of immunology and oncology. More particularly, the
present disclosure pertains to the prevention or treatment of
breast cancer by vaccination.

BACKGROUND AND SUMMARY

[0004] Breast cancer 1s responsible for the second overall
cause ol cancer-related deaths among women. Currently,
prevention of breast cancer predominantly imvolves reduc-
ing modifiable risks including early detection through physi-
cal examination and mammograms, avoidance ol unneces-
sary post-menopausal hormone therapy, reduction in alcohol
consumption, loss of weight, increase in physical activity,
and genetic testing for mutations of the breast cancer type 1
and type 2 susceptibility genes (BRCA1 and BRCAZ2,
respectively). More aggressive approaches in high risk
patients include chemoprevention with tamoxifen, ralox-
ifene, and aromatase inhibitors as well as prophylactic
bilateral mastectomy and oophorectomy.

[0005] Despite the profound health risk of breast cancer
and mmadequacy of preventative eflorts, an immunotherapy
for breast cancer has not been developed as an integral part
of the standard of care. Tumor-specific antigens have long
provided less than optimal results as targets for cancer
vaccination. The overall goal of cancer vaccination has
traditionally been to boost the latent immune response to
tumor-specific antigens. Approaches have included cell-
based protocols mvolving immunization with whole autolo-
gous or allogeneic tumors, as well as antigen-based strate-
gies 1nvolving immunization with proteins or peptides
overexpressed 1 tumors and underexpressed in normal
tissues. The human epidermal growth factor receptor 2
(HER2) and mucin (MUC1) are the predominant antigens
used 1 human breast cancer vaccine trials. Although vac-
cination using these antigens may demonstrate tumor reduc-
ing cllects, neither antigen provides any tissue or tumor
specificity since both are expressed 1n a variety of normal
tissues and tumors. Thus, the lack of inherent tissue speci-
ficity of HER2 and MUCI1 targeted immumty may ulti-
mately lead to substantial systemic autoimmune sequelae i
a robust immune response manifests.

[0006] A full-strength autoimmune attack suflicient to
induce targeted breast failure can provide eflective therapy
against established breast malignancies if the target antigen
1s constitutively expressed 1n breast tumors. Moreover, 1f the
selected target antigen 1s expressed 1n normal breast tissue
under conditions that are easily avoidable, then the vaccine
may provide safe and eflective protection against the devel-
opment of breast cancer.

[0007] Human alpha-lactalbumin (a-lactalbumin) 1s a
conditionally expressed, breast specific differentiation pro-
tein found 1n the majority of breast malignancies. As an
integral differentiation protein involved in regulation of
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lactose biosynthesis, expression of a-lactalbumin 1s breast-
specific and conditionally dependent on lactation for its
expression and synthesis. Human ca-lactalbumin 1s also
constitutively overexpressed 1 the majority of breast
tumors, 1s breast specific, and 1s sufliciently immunogenic to
induce an eflective promntflammatory immune response.
Thus, immunization against human o-lactalbumin offers a
safe and eflective vaccination strategy for the prevention of
breast cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1A shows the immunogenicity of recombinant
mouse d-lactalbumin. Lymph node cells are evaluated 10
days after immunization of SWXIJ female mice with a-lac-
talbumin and show recall responses that are a) antigen-
specific to recombinant mouse o-lactalbumin but not to
recombinant human cochlin over a dose range; b) elicited
from both purified CD4+ and CD8+ T cells 1in response to 25
ug/ml a-lactalbumin (see FIG. 1B); and ¢) consistent with a
proinflammatory type 1 cytokine profile with high produc-
tion of IFNy and IL-2 and low production of the type 2
cytokines, IL.-4, IL-5, and lactalbumin (see FIG. 1C). All
error bars show +SEM.

[0009] FIG. 2 shows the analysis of breast tissue during
autoommune-induced breast failure. Real-time RIT-PCR
analysis of lactating mammary tissue shows significantly
clevated expression levels of IFNy (p=0.001) but not I1L-10
(p>0.10). All error bars show +SEM. FEach * indicates a
statistically significant difference.

[0010] FIG. 3A shows that a-lactalbumin vaccination pro-
phylactically inhibits growth of breast tumors. The growth
ol autochthonous breast tumors 1s significantly inhibited 1n
ten month old MMTV-neu mice immumzed with o-lactal-
bumin at eight weeks of age (p=0.0004). Growth of trans-
planted 4T1 tumors 1s significantly inhibited following pro-
phylactic immunization with a.-lactalbumin 13 days prior to
tumor 1noculation (p=0.0006; FI1G. 3B). All error bars show
+SEM. Each™ indicates a statistically significant difference.
[0011] FIG. 4A shows that a-lactalbumin vaccination
treats established growing transplanted breast tumors. Sig-
nificant inhibition of 4T1 tumor growth occurs following
a.-lactalbumin immunization at 5 days aiter tumor 1nocula-
tion (p<t0.01) and at 13 days after tumor moculation (p<0.01;
FIG. 4B), but not at 21 days after tumor inoculation (p>0.10;
FIG. 4C). All error bars show £SEM. Each® indicates a
statistically significant difference.

[0012] FIG. 5 shows that a-lactalbumin vaccination treats
established growing autochthonous breast tumors. Signifi-
cant inhibition (p<t0.0006) in the growth of extremely
aggressive autochthonous tumors occurs following a-lactal-
bumin immunization of MMTV-PyV'T transgenic mice at 6
weeks ol age. Due to massive multifocal tumor growth,
tumors in MMTV-PyV'T mice are amenable to measurement
in only one direction. The longest measurements on all ten
MMTV-PyVT tumors are added to calculate total tumor load
in mm on ¢ach day.

[0013] FIG. 6A shows that a-lactalbumin-specific T cells
induce tumor nflammation and cytotoxicity. Recall
responses to a-lactalbumin as measured by ELISA demon-
strate a type-1 promflammatory phenotype involving high
production of IFNy compared to IL-5 and IL-10. ELISPOT
analysis of TILs shows that CD4+ rather than CD8+ T cells
produce IFNy (FIG. 6B). Death of cultured 411 tumor cells
1s mnhibited by treatment of cultured a-lactalbumin primed
LNC with antibodies specific for mouse CDS8, indicating that
CD8+ T cells mediate 4T1 specific cytotoxicity (FIG. 6C).
[0014] FIG. 7A shows that inhibition of tumor growth by
a-lactalbumin vaccination 1s mediated by T cells. The
transier of a-lactalbumin primed LNC 1nto naive recipient
BALB/c mice on the same day as inoculation with 4T1
tumors results 1n a) a significant inhibition of tumor growth
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(p<0.0001); b) a significant decrease 1n incidence of tumor
bearing mice (p<0.03; FIG. 7B); and c¢) a significant
decrease 1n final tumor weight (p<0.0008; FIG. 7C). Com-
pared to ovalbumin (OVA) primed LNC, significant tumor
growth inhibition occurs 1n naive mice receiving either
CD4+ T cells (p=0.002; FIG. 7D lett panel) or CD8+ T cells
(p=0.003; FIG. 7D nght panel) that are enriched by mag-
netic bead separation from o-lactalbumin primed LNC. All
error bars show +SEM. Each* indicates a statistically sig-
nificant difference.

[0015] FIG. 8 shows 1n vitro priming of human peripheral
blood mononuclear cells (PBMC) T cell using blood derived
dendritic cells (DCs) to test for the availability of a human
a.-lactalbumin-reactive T cell repertoire. Priming of PMBCs
with a-lactalbumin results 1n an increased frequency of
IFNy producing T cells upon subsequent presentation of
a.-lactalbumin (recall response).

DETAILED DESCRIPTION

[0016] While the invention 1s susceptible to various modi-
fications and alternative forms, specific embodiments will
herein be described 1n detail. It should be understood,
however, that there 1s no intent to limit the invention to the
particular forms described, but on the contrary, the intention
1s to cover all modifications, equivalents, and alternatives
talling within the scope of the invention.
[0017] In one embodiment, a human breast cancer vaccine
comprising an immunogenic polypeptide 1s disclosed. The
immunogenic polypeptide comprises human o-lactalbumin
according to the amino acid sequence:
[0018] kgftkcelsq llkdidgygg ialpelictm thtsgydtqa

ivennestey gliqisnklw ckssqvpqsr nicdiscdki lddditd-

dim cakkildikg idywlahkal ctekleqwlc ekl (SEQ ID

NO: 1).
[0019] It 1s appreciated that human o-lactalbumin 1s pro-
cessed 1 vivo by proteases to smaller peptide fragments,
which are able to bind to MHC class I and/or MHC class 11
molecules on antigen presenting cells. Subsequently, T-cell
receptors recognize and bind to the MHC molecule to which
the peptide 1s bound, forming the primary signal that 1niti-
ates an 1mmune response.
[0020] In one embodiment, the vaccine further comprises
an adjuvant and a pharmaceutically acceptable carrier. As
used herein, the term “adjuvant” refers to an agent that
stimulates the immune system and increases the response to
a vaccine. Vaccine adjuvants are well-known to those of skill
in the art. Illustratively, GPI-0100 1s a suitable adjuvant for
a vaccine. As used herein, the term “carrier” refers to an
ingredient other than the active component(s) in a formula-
tion. The choice of carrier will to a large extent depend on
factors such as the particular mode of administration or
application, the eflect of the carrier on solubility and stabil-
ity, and the nature of the dosage form. Pharmaceutically
acceptable carriers for polypeptide antigens are well known
in the art.
[0021] In one embodiment, the vaccine 1s administered
prophylactically to prevent breast cancer. In one illustrative
aspect, the vaccine 1s administered to non-lactating women
at risk for developing breast cancer.
In one embodiment, the vaccine 1s administered to inhibit
tumor cell expansion.
[0022] The vaccine may be administered prior to or after
the detection of breast tumor cells 1n a patient Inhibition of
tumor cell expansion i1s understood to refer to preventing,
stopping, slowing the growth, or killing of tumor cells.
[0023] In one illustrative aspect, T cells of the human
immune system are activated after administration of an
immunogenic composition comprising human o-lactalbu-
min. The activated T cells may be CD4+ and/or CD8+.
[0024] In one embodiment, after administration of a vac-
cine comprising human a-lactalbumin, a promflammatory
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response 1s induced by subsequent encounter of 1mmune
cells with a-lactalbumin. The proinflammatory immune
response comprises production of proinflammatory cytok-
ines and/or chemokines, for example, interferon gamma
(IFNv) and/or interleukin 2 (IL-2). Proinflammatory cytok-
ines and chemokines are well known 1n the art.

[0025] It 1s to be appreciated that when the breast cancer
vaccine 1s administered to patients whose breast tissue 1s not
actively producing human a-lactalbumin 1n appreciable
quantities (1.e. a non-lactating female, or a female devoid of
a.-lactalbumin producing breast tumor cells), immunization
with human a-lactalbumin does not elicit a substantial
inflammatory immune response (1.e. that 1s capable of caus-
ing breast tissue failure) in breast tissue. Subsequent
encounter with human a-lactalbumin, such as that expressed
by cells of a developing tumor elicits a recall response by the
immune system. The recall response includes, but 1s not
limited to, an 1ncrease in the production of promnflammatory
cytokines such as IFNvy and IL-2, which promote a robust
immune system attack against the a-lactalbumin expressing
cells. In the mstance in which human a-lactalbumin 1s
produced only by cells of the human breast, the proimntlam-
matory immune response will be breast tissue specific.
[0026] In one embodiment, a method of immunizing a
human patient against human o-lactalbumin 1s disclosed.
The method comprises the step of administering to the
patient an immunogenic composition comprising a polypep-
tide comprising human o-lactalbumin (SEQ ID NO: 1). In
one aspect, the immunogenic composition comprises a poly-
peptide that consists essentially of human a-lactalbumin.
[0027] In one embodiment, a method of activating human
T cells capable of inducing a breast tissue specific inflam-
matory response 1 a human patient 1s disclosed. The method
comprises the step of contacting the T cells with a compo-
sition comprising isolated human dendritic cells previously
exposed to a polypeptide comprising human a-lactalbumin
(SEQ ID NO: 1). The activated T cells exhibit a recall
response when subsequently presented with human a.-lac-
talbumin. The recall response includes the production of
proinflammatory cytokines and or chemokines, including,
for example, IFNy.

[0028] In one embodiment, a vaccine for preventing or
treating breast cancer 1s disclosed. The vaccine comprises an
immunogenic polypeptide comprising human a-lactalbu-
min. After administration to patients that have breast tissue
producing o.-lactalbumin, the vaccine induces a breast tissue
specific prointflammatory immune response.

[0029] In one embodiment, a method of treating cancer 1n
a human patient 1s disclosed. The method comprises the step
of administering to the patient a composition comprising
human a-lactalbumin, an adjuvant, and a pharmaceutically
acceptable carrier, 1n an amount effective to induce a breast
tissue specific inflammatory response 1n the human patient.
In one embodiment, the adjuvant 1s GPI-0100.

[0030] In one embodiment, a method of treating cancer 1n
a human patient 1s disclosed. The method comprises the step
of administering to the patient a composition, the composi-
tion comprising 1solated human dendrnitic cells that have
been loaded with human a-lactalbumin, 1in an amount effec-
tive to induce a breast tissue specific inflammatory response
in the human patient.

[0031] In one embodiment, a method of inducing a breast
tissue specific inflammatory response in a human patient 1s
disclosed. The method comprises administering to the
patient a composition, the composition comprising human
a.-lactalbumin, an adjuvant, and a pharmaceutically accept-
able carrier, wherein an increase 1n a-lactalbumin reactive
IFNy producing T cells 1s produced after administration of
the composition.

[0032] In one embodiment, a method of inducing a breast
tissue specific inflammatory response in a human patient 1s
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disclosed. The method comprises administering to the
patient a composition, the composition comprising 1solated
human dendritic cells that have been loaded with human
a-lactabumin, wherein an increase 1n ct-lactalbumin reactive
IFNy producing T cells 1s produced after administration of
the composition.

[0033] An eflective amount of human a-lactalbumin
refers to an amount of human a-lactalbumin that 1s suflicient
to be taken up by antigen presenting cells and/or activate T
cells to elicit an immune response.

[0034] According to various embodiments for treatment or
prevention of breast cancer, one or more booster 1jections
of the vaccine are administered. T cells recognize discrete
peptides of protein antigens presented in the context of
antigen presenting molecules that are typically expressed on
macrophages and dendritic cells of the immune system.
Peptide recognition typically occurs following phagocytic
processing of the antigen by antigen-presenting cells and
loading of small peptide fragments onto Major Histocom-
patibility Complex (MHC) class I and/or class 1l molecules.
After CD4+ T cells recognize peptides presented on MHC
class II molecules, they proliferate rapidly and become
effector T cells that may activate other immune eflector
cells.

[0035] CD8+ T cells are believed to recognize peptides
presented by MHC class I molecules, upon which they
develop 1nto cytotoxic effector cells capable of lysing and
climinating cells that express a particular protein. CD4 and
CD8 molecules serve as co-receptors because their interac-
tions with MHC molecules. They are believed to be required
for an eflective T cell mediated immune response.

[0036] The ability of human a-lactalbumin to be an effec-
tive polypeptide antigen 1in a vaccine against breast cancer
depends on whether human a-lactalbumin 1s sufliciently
immunogenic 1n humans to generate a proinflammatory
immune response. The immunogenicity of a particular pro-
tein, such as human a-lactalbumin, 1s highly unpredictable,
and depends 1n part upon the particular amino acid sequence
of the protein, its uptake and processing by antigen present-
ing cells into smaller peptide fragments, the availability of
appropriate MHC binding sites for the processed peptide
fragments, and the availability of appropniately responsive T
cells with specific receptor sequences that can recognize and
bind the peptide 1n the context of the MHC binding pocket.

Examples

Example 1: a-Lactalbumin Immunization Activates
Both CD4+ and CD8+ Proinflammatory T Cells

[0037] Recombinant mouse ca-lactalbumin 1s purified
under denaturing conditions using nickel-nitrilotriacetic acid
aflinity chromatography followed by reverse phase HPLC.
Female SWXIJ mice are immunized with recombinant mouse
a-lactalbumin. Ten days after immunization, lymph node
cells (LNC) in the mice show a dose-dependent proliferation
in recall responses to o-lactalbumin and are unresponsive to
recombinant human cochlin generated 1n E. coli 1n a virtu-
ally 1dentical manner (see FIG. 1A). Both CD4+ and CD8+
T cells are involved 1n responsiveness to a-lactalbumin (see
FIG. 1B). Furthermore, a-lactalbumin shows a proinflam-

matory phenotype involving a high production of interferon-
gamma (IFNv) and IL-2 and a low production of 1L-4, IL-5,

and IL-10 (see FIG. 1C).

Example 2: Immunization of Non-Lactating Mice
with a-Lactalbumin Fails to Induce Breast
Inflammation

[0038] Breast tissue from non-lactating mice immunized
with a-lactalbumin does not demonstrate ntflammatory
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infiltration, but instead consistently shows 1solated indi-
vidual CD3+ T cells migrating through breast parenchyma.
However, extensive T cell infiltrates consistently occur
throughout the mammary tissue of lactating mice 1mmu-
nized with a-lactalbumin. Breast tissue from lactating con-
trol mice immunized with CFA alone does not show inflam-
matory T cell infiltration. Analysis of breast infiltrating T
cells by flow cytometry shows a high frequency of CD3+
CD4+ T cells and CD3+CD8+ T cells expressing the
CD44high activation marker. Analysis by quantitative real-
time RT-PCR shows that breast tissue from lactating mice
immunized with o-lactalbumin have significantly elevated
expression levels of IFNy (p=0.001) but not IL-10 (p>0.10)
compared to levels expressed in breast tissue from untreated
normal non-lactating or lactating mice, or from lactating
mice immunized with CFA alone (see FIG. 2).

Example 3: Prophylactic a-Lactalbumin
Vaccination Inhibits Growth of Breast Tumors

[0039] MMTV-neu mice express the unactivated neu
(ErbB2 or HER2/neu) protooncogene under the regulation
of the long terminal repeat of mouse mammary tumor virus
(MMTYV) and show a 50% incidence of spontaneous mam-
mary tumors by 205 days of age. Eight week old MMTV-neu
mice are immunized with either a-lactalbumin in CFA or
with CFA alone. All mice are euthanized when the first
tumor reached 17 mm in diameter (at around 10 months of
age). Upon completion of the experiment, all CFA-immu-
nized control mice develop breast tumors upon. In compari-
son, none of the mice immunized with a-lactalbumin show
any detectable mammary tumors (p=0.0004; see FIG. 3A).
Prophylactic vaccination with a-lactalbumin 1s also eflec-
tive against transplantable 4T1 tumors. BALB/c mice immu-
nized with o-lactalbumin 13 days prior to inoculation with
4'T1 tumor cells exhibit significant growth inhibition (p=0.
0006; see FI1G. 3B).

Example 4: a-Lactalbumin Vaccination Inhibits
Growth of Established Transplanted 4T1 Breast
Tumors

[0040] Following subcutaneous inoculation of BALB/c
mice with 2x10% 4T1 tumor cells, tumors are well estab-
lished within 5 days after inoculation and palpable tumors
are present within 2 to 3 weeks after inoculation. After
inoculation with 4T1 tumor cells, vaccination with a-lac-
talbumin 1s performed at 5 days after inoculation, at 13 days
alter inoculation, and at 21 days after inoculation. A signifi-
cant inhibition of tumor growth 1s observed at the 5-day
vaccination (p<0.01; see FIG. 4A) and at the 13-day vacci-
nation (p<t0.01; see FIG. 4B) but not at the 21-day vacci-
nation (see FI1G. 4C). The lack of tumor growth inhibition in
mice vaccinated 21 days after inoculation may be due to the
shortened 11-day observation period between the time of
immunization and the time when tumors reach the maximum
s1ze mandating euthanasia.

Example 5: a-Lactalbumin Vaccination Inhibits
Growth of Established Autochthonous Breast
Tumors

[0041] MMTV-PyVT transgenic mice demonstrate loss of
lactational ability coincident with transgene expression and
develop palpable very aggressively growing mammary
tumors by 5 weeks of age. In thus example, MMTV-PyV'T
transgenic mice are vaccinated at 6 weeks ol age with
a.-lactalbumin. Significant inhibition 1n the growth of very
aggressive established autochthonous tumors 1n MMTV-
PyV'T 1s observed (p<0.0006; see FIG. 5). Thus, a-lactal-
bumin vaccination indicates effective protection and therapy
against breast tumor growth and 1s particularly effective
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when 1mmunization occurs prior to the appearance of pal-
pable tumors in MMTV-PyV'T transgenic mice.

Example 6: a-Lactalbumin-Specific T Cells Induce
Tumor Inflammation and Cytotoxicity

[0042] BALB/c mice are vaccinated with a-lactalbumin
and 1noculated with 4T1 cells.

Approximately 32 days after inoculation, tumors in the
BALB/c mice show extensive infiltration of CD3+ T cells.
In comparison, these intlammatory infiltrates do not occur 1n
tumors from control mice mmmunized with CFA. Flow
cytometry analysis of tumor mfiltrating lymphocytes (TILs)

show a predominance of CD4+(64.3%) T cells compared to
CD8+ (14.4%) Tcells.

[0043] Furthermore, recall responses to 50 ng/ml o-lac-
talbumin as measured by ELISA demonstrate a type-1
proinflammatory phenotype involving high production of
IFNy compared to IL-5 and IL-10 (see FIG. 6A). ELISPOT
analysis of TILs shows that CD4+ rather than CD8+ T cells
are produced the IFNy since 1ts secretion by cultured T cells
1s 1nhibited by treatment with class 11 but not class I specific
antibodies (see FI1G. 6B). However, death of cultured 4T1
tumor cells 1s imnhibited by treatment of cultured o.-lactalbu-
min primed LNC with antibodies specific for mouse CDS
but not CD4 (see FIG. 6C). This result indicates that CD8+
T cells mediate 411 specific cytotoxicity.

Example 7 Inhibition of Breast Tumor Growth by
a.-Lactalbumin Vaccination 1s Mediated by T Cells

[0044] On the same day, naive recipient BALB/c mice are
inoculated with 411 tumors and a-lactalbumin-primed
LNC. A significant inhibition of tumor growth is observed 1n
these mice (p<0.0001; see FIG. 7A). Furthermore, the
incidence of tumor bearing mice 1s significantly decreased 1n
this example (p<0.03; see FIG. 7B) and the final tumor
weight 1s also significantly decreased (p<t0.0008; see FIG.
7C).

[0045] Naive mice further received a) CD4+ T cells
enriched by magnetic bead separation from a-lactalbumin-
primed LNC, b) CD8+ T cells enriched by magnetic bead
separation from ca-lactalbumin-primed LNC, or c¢) control
ovalbumin (OVA)-primed LNC. Significant tumor growth
inhibition 1s observed 1n the mice receiving the CD4+ T cells
enriched by magnetic bead separation from a-lactalbumin-
primed LNC (p=0.002; see FIG. 7D, leit panel) and the
CD8+ T cells enriched by magnetic bead separation from
a-lactalbumin-primed LNC (p=0.003; see FIG. 7D, right
panel) compared to OVA-primed LNC. This example indi-
cates that activated CD4+ and CD8+ TILs mediate the
protective and therapeutic eflects of a-lactalbumin vaccina-
tion on breast tumor growth.

Example 8: Availability of a-Lactalbumin
Responsive T Cells 1n Females

[0046] T cell repertoire availability and magnitude 1s
assessed 1n peripheral blood mononuclear cells (PBMC) by

SEQUENCE LISTING

Sequence total quantity: 1

SEQ ID NO: 1 moltype = AA length = 123

FEATURE Location/Qualifiers
source 1..123
mol type = proteiln
organism = Homo sapilens

SEQUENCE: 1
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in vitro priming against o.-lactalbumin and measurement of
the resulting antigen-specific frequencies of IFNy-producing,
T cells. Monocyte derived DCs were prepared from PBMC
taken from a 29 vyear-old female patient. Adherent cell
selection was followed by culture in X-VIVO media (Bio-

Whittaker, Walkersville, MD) with 500 U/ml rhGMCSF and
rhll-4 (Peprotech, Rocky Hill, NJ). Six days after initiation
of culture, DCs were pulsed with 75 ug/ml of purified
recombinant human a-lactalbumin (rho-lactalbumin) and
were washed extensively 48 hours later. The washed DCs
were co-cultured with nylon wool purified naive T cells from
the same donor at a ratio of 1:5 (DCs to T cells). Approxi-
mately 72 hours aiter co-culture, in vitro primed T cells and
unprimed T cells from the same donor were enriched by
passage through nylon wool and re-cultured with y-1rradi-
ated (3000 rads) PBMC as feeder cells at a ratio of 1:10
(feeders to T cells) on ELISPOT plates (Polyfiltronics,
Rockland, MA) pre-coated with mouse anti-human IFNy
capture antibody (#M-700A; Endogen, Cambridge, MA).
Frequencies of a-lactalbumin reactive IFNy producing T
cells were determined 48 hours later using secondary bioti-
nylated mouse anti-human IFNvy (#M701; Endogen) and
resolution of ELISPOTS using an automated Immunospot
Satellite Analyzer (Cellular Technology, Cleveland, OH).

[0047] After priming with a-lactalbumin, the PMBC s

demonstrate an increased frequency of IFNy producing T
cells (see FIG. 8) upon subsequent exposure to o.-lactalbu-
min (recall response). The observed response 1s antigen
specific, as recall antigens OVA and recombinant human
cochlin (rmCochlin), an inner ear protein generated 1n
transduced E. coli 1n a manner similar to the production of
recombinant human a-lactalbumin, do not elicit an increase
in IFNvy producing T cells.

[0048] Taken together, the results described herein show
that show that 1) 1immumization with a-lactalbumin activates
both CD4+ and CD8+ promflammatory T cells; 2) immu-
nization of non-lactating mammals with a-lactalbumin fails
to 1nduce breast inflammation; 3) prophylactic a.-lactalbu-
min vaccination inhibits growth and incidence of breast
tumors; and 4) a.-lactalbumin vaccination inhibits growth of
established tumors. a-lactalbumin immunization provides a
safe and eflective vaccination in several murine breast
cancer models.

[0049] Importantly, 1t 1s also demonstrated herein that
human o-lactalbumin 1s sufliciently i1mmunogenic in
humans to activate T cells and elicit a promflammatory
immune recall response. Thus, immunization of humans
with human a-lactalbumin has the ability to provide a safe
and eflective vaccine for human breast cancer.

While the mvention has been 1llustrated and described 1n
detail 1n the foregoing description, such an illustration and
description 1s to be considered as exemplary and not restric-
tive 1n character, 1t being understood that only the 1llustrative
embodiments have been described and that all changes and
modifications that come within the scope of the mmvention
are desired to be protected. Those of ordinary skill in the art
may readily devise their own implementations that incorpo-
rate one or more of the features described herein, and thus
fall within the scope of the present invention.
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-continued
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What 1s claimed 1is:

1. A human breast cancer vaccine comprising an iminu-
nogenic polypeptide, the polypeptide comprising human
a.-lactalbumin (SEQ ID NO: 1).

2. The vaccine of claim 1, wherein T cells of the human
immune system are activated after administration of the
polypeptide to a patient.

3. The vaccine of claim 2, wherein the T cells are CD4+.

4. The vaccine of claim 2, wherein the T cells are CD8+.

5. The vaccine of claim 1, wherein a promntflammatory
immune response 1s induced by subsequent encounter of
immune cells with a-lactalbumin.

6. The vaccine of claim 35, wherein the promnflammatory
immune response comprises production of INFy by T cells.

7. The vaccine of claim 5, wherein the promflammatory
immune response 1s breast tissue specific.

8. A method of immunizing a human patient against a
human o-lactalbumin, the method comprising the step of
administering to the patient an 1immunogenic composition
comprising a polypeptide comprising human o-lactalbumin
(SEQ ID NO: 1).

9. The method of claim 8, wherein T cells are activated
alter administration of the polypeptide to the patient.

10. The method of claim 8, wherein the T cells are CD4+.

123

11. The method of claim 8, wherein the T cells are CD&+.

12. The method of claim 8, wherein a prointlammatory
immune response 1s mduced by subsequent encounter of
immune cells with oa-lactalbumin.

13. The method of claim 12, wherein the proinflammatory
immune response comprises production of INFy by T cells

14. The method of claim 12, wherein the prointlammatory
immune response 1s breast tissue specific.

15. A method of activating human T cells capable of
inducing a breast tissue specific inflammatory response 1n a
human patient, the method comprising the step of contacting
the T cells with a composition comprising 1solated human
dendritic cells previously exposed to a polypeptide compris-
ing human a-lactalbumin (SEQ ID NO: 1).

16. The method of claim 15, wherein the activated human
T cells are CD4+.

17. The method of claim 15, wherein the activated human
T cells are CD8+.

18. The method of claim 15, wherein the activated human
T cells produce IFNy.

19. The method of claim 15, wherein the activated human
T cells 1inhibit the growth of tumor cells expressing human
a-lactalbumin.
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